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(57) A 3D game machine is provided with a monitor 
(11) provided at a specified height position of a casing 
(1 0) for displaying Images, a game control unit (1 00) for 
controlling the progress of a game, and an image control 
unit (1 1 0) for generating a 3D image viewed from a view- 
ing point of a simulated camera and displacing it as a 
game image on a screen of the monitor (11). A trans- 



verse position and a height position of the head of a 
game player located in a play area before the screen of 
the monitor (11 ) are detected using one ultrasonic trans- 
mitter (31) and two ultrasonic receivers (32,33), and the 
viewing point of the simulated camera is so moved as 
to follow a displacing direction and a displacing amount 
of the detected position of the game player's head. 



CM 
< 

oo 

CO 

o 

00 



Ql 
LU 



30 



al- 



as 



34 



HEAD DETECTOR 



a 



POSITION 
CALCULATOR 



35 



SENSOR DRIVER 



FIG.2 



10 



MAIN GAME UHXT 



r 



CPU 



GAME 
C0NTR0U£R 



TIT 



-100 
-101 



110 



IMAGE 
CONTROL 
UNIT 



111 



RAM 



W R 
O 
M 



SOUND 
CONTROLLER 



-120 



102 



^121 



START SWITCH 



COIN SWITCH 



GUN UNIT 



24 



25a 



22 




LOUDSPEAKER 
(CLOSER) 




LOUDSPEAKER 
( DISTANT) 



Printed by Jouve, 75001 PARIS (FR) 



BNSDOCID: <EP. 



1 180384A2J_> 



EP 1 180 384 A2 



Description 

[0001] The present invention relates to a techniquefor 
a three-dinnensional (3D) video game machine including 
a monitor provided at a specified height position of a s 
casing of the game machine for displaying images, a 
game control unit for controlling the progress of a game, 
and a display control unit for generating a simulated 3D 
image viewed from a viewing point of a simulated cam- 
era and displaying it on the monitor screen. 

BACKGROUND OFTHE INVENTION AND RELATED 
ART STATEMENT 

[0002] In some of existing roll-playing fighting games 
tor displaying a character of a game player and enemy 
characters and the liice on a monitor screen, movements 
of the game player's feet are detected and the game 
player character on ihe monitor screen are so moved as 
to conform to the detected movements. There is also 20 
known a viewing point changing technique for displaying 
a simulated 3D car race image on a monitor screen pro- 
vided before a game player seated on a car seat and 
changing a viewing point of a camera to a preset position 
according to the inclining movement to left or right or 2S 
fonA^ard-bending movement of the upper half of the 
game player's body. 

[0003] The latter viewing point changing technique, 
disclosed in Japanese Patent Publication Serial No. Hei 
10-85451 for instance, is adapted to respond to the 30 
movements of the upper half of the game player's body 
seated on the seat. i.e. change an image when a preset 
viewing point is changed from a predetermined one to 
the another predetemiined one selected from a plurality 
of predetermined viewing points. As the viewpoints were 35 
predetermined, the change from one to the other is car- 
ried out within the limited choices among the predeter- 
mined viewpoints. It is likely that the player can learn 
the pattern of changes in viewpoint so that he/she can 
predict the change pattern in viewpoint by playing the 40 
game several times, giving the player a monotonous feel 
towards viewpoint changes. 

SUMMARY OF THE INVENTION: 

45 

[0004] In view of the above prior art technique, an ob- 
ject of the present invention is to provide a method for 
controlling a viewing point of a simulated camera in a 
3D video game which method enables images from a 
viewing point intended by a game player to be actively so 
displayed by causing the viewing point of the simulated 
camera to follow a free movement of the game player, 
and to provide a video game machine. 
[0005] I n order to achieve the above object, a 3D vid- 
eo game machine according to the present invention ss 
comprises a monitor provided at a specified height po- 
sition of a casing of the game machine for displaying 
images, a game control unit for controlling the progress 
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of a game, a display control unit for generating a 3D im- 
age viewed from a viewing point of a simulated camera 
and displaying it on a screen of the monitor, head de- 
tecting means for detecting at least a position of the 
head of a game player located in a play area before the 
screen of the monitor in at least one linear direction in 
a 3D space, and viewing point changing means for mov- 
ing the viewing point of the simulated camera to follow 
a displacing direction and a displacing amount of the de- 
tected position of the head. 

[0006] These and other objects, features and advan- 
tages of the present Invention will become more appar- 
ent upon a reading of the following detailed description 
and accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] 

FIG. 1 is a perspective view showing one embodi- 
ment of a simulated 3D video game machine ac- 
cording to the present invention, 
FIG. 2 is a block construction diagram of the 3D vid- 
eo game machine, 

FIG. 3 is a diagram showing detection principle in a 
position calculator of a head detector, 
FIGS. 4Ato 4D are diagrams showing one example 
of a change of a viewing point of images on a mon- 
itor screen when a game player's head is vertically 
moved, 

FIG. 5 is a diagram showing a game playing state 
of the game player, 

FIGS. 6Ato 6D are diagrams showing one example 
of a change of the viewing point of images on the 
monitor screen when the game player's head is 
transversely moved, 

FIG. 7 is a diagram showing a game playing state 
of the game player, 

FIG. 8 is a flow chart showing an exampleof a game 
progress processing executed by a CPU, 
FIG. 9 is a flow chart showing a subroutine "Gaming 
Processing" executed in Step ST4, 
FIG. 1 0 is a flow chart showing a sound processing 
in response to shooting from enemy characters in 
a subroutine "Sound Processing based on a View- 
ing Point" executed in Step ST18, 
FIG. 11 is a perspective view showing a second em- 
bodiment of the 3D video game machine according 
to the present invention, 

FIG. 12 is a block diagram showing detection of a 
game player's head in the game machine shown in 
FIG. 11, 

FIG. 13 is a block diagram showing another embod- 
iment of a head detector, 

FIG. 14A is a block diagram showing still another 
embodiment of the head detector and FIG. 14B is 
a graph for the explanation of position determina- 
tion. 
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FIG. 15 is a chart showing further another embodi- 
ment of the head detector, and 
FIGS. 1 6A. 1 6B and 1 6C are diagrams showing oth- 
er embodiments of a pressure-sensitive sheet 
members of the head detector. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS OF THE INVENTION 

[0008] FIG. 1 Is a perspective view showing one em- 
bodiment of a simulated 3D video game machine ac- 
cording to the present invention. This game machine is 
provided with a game main unit 10, an operation casing 
20 integrally or detachably or individually provided in 
front of the game main unit 1 0, and a head detector 30. 
A play area where a game player stands to play a game 
is defined before the operation casing 20, 
[0009] The game main unit 1 0 Is a console box sub- 
slanlially In the form of a rectangular parallelepiped, and 
a monitor 11 of a specified size for displaying game Im- 
ages is provided substantially In the middle of the front 
surface of the game main unit 10. preferably at such a 
height position where the game player's head is located 
substantially in the middle of the screen in a usual pos- 
ture of the game player playing the game. Besides a 
CRT, an LCD. a plasma display, a liquid crystal projector 
and the like can be adopted as the monitor 11 . Loud- 
speakers 1 2 for presenting sound effects are provided 
at the top, preferably at the left and right sides of the 
game main unit 1 0, and a panel or the like on which the 
name of the game, etc. is inscribed is provided therebe- 
tween. A circuit board on which controllers necessary to 
control the gaming operation, etc. is provided inside the 
game main unit 1 0. A rectangular frame member 13 ex- 
tending fonvard like eaves is provided at the top of the 
game main unit 10, and supporting arms 13a are pro- 
vided between suitable positions of left and right frame 
pieces of the frame member 13 and the side surfaces 
of the operation casing 20. A specified number of, e.g. 
three light sources 14 for electric decoration so as to 
correspond to three primary colors are provided on the 
front frame piece of the frame member 13 in suchaman- 
ner as to face toward the game main unit 1 0. 
[001 0] The frame member 1 3 functions as a support- 
ing structure for the head detector 30, and is adapted to 
locate the head detector above the play area, I.e. above 
the game player's head. An ultrasonic transmitter 31 for 
transmitting sound waves and ultrasonic waves as prop- 
agation mediums is provided in the transverse center of 
the front frame piece of the frame member 13, and ul- 
trasonic receivers 32, 33 for receiving the ultrasonic 
waves as propagation mediums are transversely sym- 
metrically provided with respect to the ultrasonic trans- 
mitter 31. Besides ultrasonic waves, rays, particularly 
infrared rays maybe used as the propagation mediums. 
Any of the ultrasonic transmitter 31 and the ultrasonic 
receivers 32. 33 Is fonned by a piezoelectrto devtee or 
the like. The ultrasonic transmitter 31 transmits an ultra- 
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sonk: pulse of a specified duration at such a width of 
directivity as to cover the play area and in a specified 
cycle of, e.g. 1/60 sec, or in such a time cycle capable 
of following a displacement of the game player's head 
5 at a necessary resolving power. The ultrasonte receivers 
32. 33 are identically constructed and have a width of 
directivity sufficient to receive the ultrasonic waves 
transmitted from the ultrasonic transmitter 31 and re- 
flected by the game player's head located in the play 
10 area. In the head detector 30 are provkied, as shown in 
FIG. 2, a sensor driver 34 for supplying a drive signal 
(cyclical excitation pulse signal) to the ultrasonic trans- 
mitter 31 , and a position calculator 35 connected with 
the sensor driver 34 and the two ultrasonic receivers 32, 
15 33 and adapted to calculate the position of the game 
player's head in the space as described later. It should 
be noted that the sensor driver 34 and the position cal- 
culator 35 may be provided in the main game unit 10. 
[0011] The height of the operation casing 20 is set 
20 lower than the monitor 11 . A loudspeaker 21 for present- 
ing sound effects is provided in the middle of the upper 
surface slightly sloped downward to the front, I.e. in a 
position closer to the game player than the loudspeak- 
ers 12, and a gun unit 22 simulating a gun as a game 
25 controller Is provided in a specified position near the 
loudspeaker 21 via a cord 23 as a transmission line for 
control signals, etc. The gun unit 22 is stored in a con- 
taining box 20a as shown when not being used, while 
being held by the game player when being used, i.e. dur- 
30 ing the game to shoot the enemy characters displayed 
on the monitor screen as described later. A start switch 
24, a coin slot 25, and the like are provided on the front 
surface of the operation casing 20. A coin switch 25a 
(see FIG. 2) for detecting the presence or absence of 
35 an inserted coin is provided in an intemiediate position 
of a coin path connected with the coin slot 25. 
[0012] FIG. 2 is a block construction diagram of the 
3D video game machine. A game control unit 100, an 
image control unit 110 and a sound control unit 120 are 
40 mounted on the circuit board in the main game unit 1 0. 
[0013] This game Is, for example, a fighting game and 
assumes a battle of shooting between one or more gun- 
holding enemy characters displayed on the monitor 
screen and the game player. The enemy character dis- 
45 played on the monitor screen is so controlled by the 
game control unit 1 00 as to shoot at a viewing point of 
a simulated camera, whereas the game player shoots 
the enemy character on the monitor 11 using the gun 
unit 22 while avoiding an attack from this enemy char- 
so acter. 

[0014] The game control unit 100 is provided with, for 
example, a microcomputer (hereinafter, "CPU") 101 for 
controlling the progress of the game, and connected 
with a ROM 102 as a storage medium storing a game 
55 program such as a shooting battle game which is the 
game of this embodiment, the head detector 30 and oth- 
er necessary elements. Besides the ROM, a ROM cas- 
sette, an optteal disk, a flexible disk or the like may be 
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used as the storage medium. 
[0015] The image control unit 110 perfomris calcula- 
tion of coordinates of the respective ch^iracters (enemy 
characters, various buildings and other object charac- 
ters located In a game space] In a simulated 3D space 
when viewed from the viewing point of the simulated 
camera, a light source calculation, a calculation to trans- 
form the calculated coordinates in the simulated 3D 
space to those in a two-dimensional space, a process- 
ing to position polygons constituting an image to be 
formed in a display area of a RAM 111 and a texture 
mapping to the respective polygons. A position informa- 
tion transmitted from the head detector 30 as described 
later is used as an infonmation on the viewing point of 
the simulated camera which is used in the calculation of 
the coordinates of the characters. Accordingly, the view- 
ing point of the simuiatcc camera substantially coin- 
cides with the eyes of t^c game player, and a character 
corresponding to Ihc g^me pUycr is not displayed on 
the screen of the monuoi 11 

[0016] The sound coruoi unt 120 reads a sound data 
set in the game program according to the scene of the 
game from a sound data storage 121 and causes the 
read data to be outputlcd as sounds from cither one of 
the loudspeakers 12, 21 . In addition to BGMs and vari- 
ous presentation sounds, snooting sounds, bullet-hitting 
sounds, sounds the stray bullets make while flying 
through the air sounds the stray bullets make upon strik- 
ing against obstacles displayed in front of the viewing 
point and other sounds are prepared as the sound data. 
The sound data are stored, for example, in PCM data 
format and are digital-to-analog converted, filtered and 
amplified after being read to be outputted from the loud- 
speakers as sounds. 

[0017] In connection with the sound control unit 120, 
the CPU 101 is provided with a functional portion for per- 
forming a trajectory calculation. The trajectory of the bul- 
let the enemy character displayed on the monitor screen 
shot at the game player by a shooting control of the CPU 
101 is successively calculated based on an infomiation 
on a firing position and a shooting direction by this func- 
tional portion. The image control unit 110 performs a 
processing of successively drawing the trajectory on the 
monitor screen based on the successively obtained cal- 
culatbn results (atternatlvely, only the presentation Im- 
age at the time of shooting may be pictured without pic- 
luring the trajectory). Further, the sound controller 120 
is provided with a functional portion for selectively 
switching the loudspeakers 12, 21 to output sounds ac- 
cording to, for example, a distance between the calcu- 
lated trajectory of the bullet and the viewing point of the 
simulated camera as described later. 
[0018] In this game, the CPU 101 is provided with a 
function of detennining whether or not a bullet shot by 
the enemy character will hit the game player. This judg- 
ment is made based on, for example, whether or not any 
obstacle exists between the enemy character and the 
viewing point of the simulated camera or whether or not 
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' a distance therebetween is fairly long. Alternatively, a 
hit rate may be set at random and may be suitably 
changed according to the progress of the game, etc. or 
may be changed according to a life gauge of the game 

5 player. The CPU 1 01 is also provided with a function of 
decreasing the life gauge by a specified amount when 
the game player is shot and a function of judging wheth- 
er or not the life gauge has decreased to 0. 
[0019] Here, the construction and operation of the gun 

10 unit 22 is described. In this embodiment, known con- 
struction and operation principle are adopted as those 
of the gun unit 22. Specifically, the gun unit 22 has an 
outer configuration similar to that of a gun, and an op- 
eration of pulling a trigger biased toward an initial posi- 

is tlon by a biasing means is detected by detecting a linked 
movement of a movable piece of a switch and such a 
detection Is Introduced In the form of a shooting com- 
mand signal to the game control unit 100 via the cord 
23. A light detecting sensor is so built in the gun unit 22 

20 as to have a narrow directivity at the muzzle. When the 
shooting command signal is introduced to the game 
control unit 100, the CPU 101 functioning as a shooting 
position detector of the game control unit 1 00 interrupts 
an imaging processing to the monitor 11 , sweeps a lu- 

2s minescent spot in horizontal(H) and vertical (V) direc- 
tions for. e.g. only one frame, and measures a time 
which lapses until the light detecting sensor in the gun 
unit 22 detects this luminescent spot after the start of 
sweeping. Since a sweeping period for one frame is 

30 known from an adopted sweeping method, the gun unit 
22 is assumed to have faced at the calculated coordi- 
nate position, i.e. to have been fired by inversely calcu- 
lating the coordinate position of the luminescent spot on 
the screen of the monitor 11 based on the measured 

35 time. Altematively, a following method may be adopted. 
An infrared CCD camera is mounted In the muzzle, 
whereas one or two Infrared spot light sources are ar- 
ranged at fixed positions nearthe monitor 1 1 . A direction 
in which the camera was faced, I.e. a position toward 

40 which the gun unit 22 was faced is detected based on 
coordinates of the spot light source(s) within an image 
picked up by the CCD camera when the trigger was 
pulled. 

[0020] The CPU 1 01 successively calculates the tra- 
45 jectory of the bullet shot by the game player in the game 
space on the screen of the monitor 1 1 and judges wheth- 
er or not the shot bullet has hit the enemy character dis- 
played on the screen by preferably causing the bullet to 
be displayed on the screen every time calculation is 
50 made. Whether or not the bullet has hit the enemy char- 
acter is judged based on the results of the successively 
calculated trajectory and the coordinates of the position 
of the enemy character, i.e. based on whether the cal- 
culated coordinates of the bullet and the coordinates of 
55 the position of the enemy character coincide or substan- 
tially coincide. 

[0021] Next, detection principle in the position calcu- 
lator 35 of the head detector 30 is described with refer- 
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ence to FIG. 3. An ultrasonic pulse having a wide direc- 
tivity transmitted from the ultrasonic transmitter 31 is re- 
flected by the body of the game player located therebe- 
low and a part of the reflected pulse Is received by the 
ultrasonic receivers 32, 33. Since the game player's 
head is located at highest in his usual playing action, the 
pulse signals received by the ultrasonic receivers 32, 33 
can be both assumed to be return waves reflected by 
the game player's head. The position calculator 35 
measures periods which lapse until the rise of the pulse 
signals received by the ultrasonic receivers 32, 33 after 
the ultrasonic pulse was transmitted, and performs a ge- 
omclnc calculation using distance data obtained by con- 
verting mo measured periods based on an air propagat- 
ing sound velocity distances between the ultrasonic 
transmincr 31 and the ultrasonic receiver 32 and be- 
tween the ulirascnic transmitter 31 and the ultrasonic 
receiver 33. and a height infomnation, thereby calculat- 
ing ihc position of the game player's head in height di- 
foction and in Uansvefse direction. Specifically, the 
measured pchods at the side of the ultrasonic receiver 

32 determine an ellipse having the ultrasonic transmitter 
31 and the ultrasonic receiver 32 as foci. Likewise, the 
measured periods at the side of the ultrasonic receiver 

33 detennine another ellipse having the ultrasonic trans- 
mitter 31 and the ultrasonic receiver 33 as foci. Since 
the position of the ultrasonic transmitter 31 is same, a 
bottommost intersection of the two ellipses can be cal- 
culated (intersection calculation 351 ), the position of the 
game player's head in height direction and in transverse 
direction in the space can be determined using the 
height infomnation of the ultrasonic transmitter 31 and 
the ultrasonic receivers 32, 33 (position determination 
352). In order to simplify the calculations, the intersec- 
tion may be calculated assuming that the game player's 
head is located right below the ultrasonic transmitter and 
receivers 31 , 32. 33. I.e. only by the calculation of the 
ellipses. Alternatively, a relationship between the two 
measured periods (i.e. the two distance data) and the 
position of the head may be calculated in advance and 
may be stored in a table fomriat (LUT). The position cal- 
culator 35 sends the thus calculated position of the 
game player's head in height direction and in transverse 
direction In the space to the game control unit 100 as 
the viewing point Infonmation of the simulated camera. 
Accordingly, the viewing point of the simulated camera 
can be so changed or moved as lo correspond to the 
position of the game player's head, i.e. follow a displac- 
ing amount and a displacing direction of the position of 
his head. 

[0022] FIGS. 4A to 4D are diagrams showing one ex- 
ample of a change of the viewing point of images on the 
monitor screen when the game player's head is vertical- 
ly moved, and FIG. 5 is a diagram showing a game play- 
ing state of the game player. FIGS . 4A to 4D correspond 
to a lapse of time and show four scenes when the game 
player gradually rises from a half-sitting posture (see 
FIG. 5) to a substantially upright posture in a direction 



of an arrow in front of the main game unit 10, i.e. the 
game player's head (eyes) is displaced upward from be- 
low, FIG. 4A shows a state where there is an obstacle 
B like a desk right in front of the viewing point, the game 
5 player hides himself before the obstacle B at the front 
side, and part of the head of an enemy character AC1 
holding a gun is seen behind the obstacle B. The scene 
shown in FIG. 4B Is reached when the game player 
slightly lifts his head from the state of FIG. 4A, and 
10 shows that only the eyes of the game player are In align- 
ment with the upper surface of the obstacle B, the ene- 
my character AC1 is seen up to his chest, and two other 
enemy characters AC2, AC3 are newly seen behind the 
enemy character AC1 . The scene of FIG, AC is reached 
15 when the game player straightens his back to further lift 
his head, and shows that the eyes of the game player 
are slightly exposed from the upper surface Bs of the 
obstacle B, the upper halves of the bodies of the three 
enemy characters AC1 , AC2, ACS are seen and the up- 
20 per surface Bs of the obstacle B is also slightly seen. 
The scene of FIG. 4D is reached when the game player 
stands upright, and shows that the game player is ex- 
posed from the obstacle B up to his neck and the upper 
surface Bs is more widely seen. As the eyes of the game 
25 player rise, the upper surface Bs of the obstacle B is 
gradually lowered as shown In FIGS. 4A to 4D. 
[0023] FIGS. 6A to 6D are diagrams showing one ex- 
ample of a change of the viewing point of images on the 
monitor screen when the game player's head is trans- 
30 versely moved, FIG. 7 is a diagram showing a game 
playing state of the game player. FIGS. 6 A to 6D corre- 
spond to a lapse of time and show four scenes when the 
game player gradually is moved to left in a direction of 
an arrow from the right side (see FIG. 7) of the main 
35 game unit 10, i.e. the game player's head (eyes) is dis- 
placed leftward from right. FIG. 6 A shows a state where 
an obstacle B like a door or a wall exists right in front of 
and on the right side of the viewing point, the game play- 
er hides himself behind the obstacle B. and part of an 
40 arm of the enemy character AC1 holding a gun is seen 
on the other side of the obstacle B. The scene of FIG. 
6B is reached when the game player slightly moves his 
head to left from the state of FIG. 6A, and shows that 
only the eyes of the game player are slightly exposed 
45 from the left end of the obstacle B and the face and the 
chest of the enemy character AG1 can be seen. The 
scene of FIG. 6C is reached when the game player fur- 
ther moves his head to left, and shows that the game 
player's head is slightly more exposed from the left end 
so of the obstacle B, the upper half of the body of the enemy 
character AC1 Is seen and part of another enemy char- 
acter AC2 is newly seen behind the enemy character 
AC1 . The scene of FIG. 6D is reached when the game 
player jumps to left from the obstacle B to expose the 
55 upper half of his body, and shows that still another en- 
emy character AC3 is seen in addition to the two enemy 
characters AC1 , AC2. 

[0024] Since the head detector 30 can detect the ver- 
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tical and transverse positions of the ganrte player's head, 
when his head nnoves while having components of two 
directions, i.e. vertical direction and transverse direc- 
tion, the viewing point can be moved accordingly, i.e. in 
an oblique direction. 

[0025] FIG. 8 is a flow chart showing an example of a 
game progress processing executed by the CPU 101. 
When the game machine is turned on, the main routine 
starts, whereby a demonstration screen Is first displayed 
on the monitor 1 1 (Step ST1 ). When insertion of a spec- 
ified coin is detected by the coin switch 25a (YES in Step 
ST2), a start screen is displayed (Step ST3) and the 
gaming processing as a shooting game is executed 
(Step ST4). In a mode wherein the game is comprised 
of a specified number of stages, a judgment is made as 
to whether a specif led condition Is not met during each 
stage. For example, an judgment Is made by the control 
of the CPU 1 01 functioning as a life game administering 
means as to whether the life gauge displayed in, for ex- 
ample, an upper area of the screen of the monitor 11 
has decreased to a specified value or below, e.g. to 0. 
If a condition such as shooting all enemy characters ap- 
pearing during the stage is cleared before the life gauge 
roaches 0, it is discriminated whether the next stage is 
a final stage (Step ST5). Conversely, if the life gauge 
reaches 0 during the game, the display content on the 
monitor 11 is switched to a game-over screen, thereby 
forcibly ending the game. 

[0026] On the other hand. If the cleared stage is a final 
stage, an ending demonstration screen presenting a 
commendation is displayed (Step ST6) and the game- 
over screen is displayed (Step ST7) after displaying 
scores or the like if necessary, thereby ending the game. 
[0027] FIG. 9 is a flow chart showing a subroutine 
"Gaming Processing" executed in Step ST4. During the 
gaming processing, a judgment is made as to whether 
or not a gaming time set for each stage and measured 
by a built-in timer has elapsed (Step ST11) and then it 
is discriminated whether there still remains any life 
gauge (Step ST12) if the gaming time has not elapsed 
yet. If the discrimination results In both Steps ST11, 
ST1 2 are negative, Step ST7 follows. On the other hand, 
if there still remains some life gauge, an I/O processing 
is executed, i.e. an infonmation on the position of the 
game player's head. I.e. an information substantially on 
the positions of the game player's eyes is transferred 
from the head detector 30 (Step ST13). 
[0028] It is then discriminated whether the cun-ent 
viewing point is an objective viewing point or a subjec- 
tive viewing point (Step ST14). In this game, during a 
certain period at the beginning of each stage, the CPU 
101 functioning as an objective/subjective viewing point 
switching means and the timer causes an overall situa- 
tion of the game space, i.e. an image of a wide area to 
be displayed by retracting the simulated camera to in- 
clude the player character so that the game player can 
grasp and recognize where he is in the game space. 
During this period, the viewing point is set at the subjec- 



tive viewing point. On the other hand, upon completion 
of the imaging processing by the subjective viewing 
point, the viewing point is switched to the objective one 
based on the game player's eyes. In Step ST14, if the 

5 viewing point is the subjective one, the game image is 
formed at the viewing point independent of the Informa- 
tion obtained by the I/O processing (Step ST15), and If 
a shooting battle occurs, an interrupt processing for the 
sound control starts to output the respective sounds re- 

10 lating to shooting from the loudspeakers 1 2 (or both the 
loudspeakers 12 and 21) (Step ST16). 
[0029] On the other hand, if the viewing point is 
switched to the objective one, the game image is formed 
at the objective viewing point based on the information 

»5 obtained by the I/O processing (Step ST17), and if a 
shooting battle occurs, the respective sounds relating to 
shooting are separately outputted from the loudspeak- 
ers 12 or the loudspeaker 21 by the Interrupt processing 
(Step ST1 8). Upon completion of the sound processing 

20 in Steps ST1 6, ST1 8, it Is discriminated whether the cur- 
rent stage has been completed. Unless the current 
stage has been completed, this subroutine returns to 
Step ST11 and the operations of Steps ST11 to ST18 
are repeated. If it has been completed, this subroutine 

25 returns to Step ST6 to exit therefrom. 

[0030] FIG. 10 Is a flow chart showing an "Interrupt 
Processing" In response to shooting from the enemy 
character in a subroutine "Sound Processing based on 
a Viewing Point" executed in Step ST18. In FIG. 10, the 

30 interrupt processing for the sound output Is started upon 
firing by the enemy character, and it is discriminated 
whether a distance in the game space between the ob- 
ject which is supposed to make sounds (sound-making 
object) and the viewing point is smaller than a threshold 

35 value used in judging a long or short distance (Step 
ST21). The sound-making object may be a bullet fired 
by the enemy character or an obstacle which Is located 
before the viewing point and on which the fired bullet 
hits. Specif k:a1ly, when the bullet from the enemy char- 

40 acter hits the obstacle before the viewing point, hitting 
sounds are outputted from the loudspeaker 21 (Step 
ST22) if the distance to this obstacle is smaller than the 
threshold value (if it is close) while being outputted from 
the loudspeakers 12 (Step ST23) if the distance is larger 

45 than the threshold value (If It is distant). 

[0031] The sound control unit 120 Is provided with a 
function of judging that the fired bullet passed such a 
point very close to the viewing point that the bullet is 
assumed to have hit the game player based on the result 

so of distance between the position of the bullet succes- 
sively obtained by the trajectory calculation and the 
viewing point. Upon making such a judgment, the sound 
controller 120 executes such a presentation as to, for 
example, temporarily shake the screen, decreases the 

55 life gauge by a specified value as a hit processing to the 
game player (hit-presentation processing) and causes 
the hitting sounds to be outputted from the loudspeaker 
21 (Step ST22). If the fired bullet hits neither the obsta- 
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cle in front of the viewing point nor the game player, a 
sound of the bullet hurtling through the air is outputted 
from the loudspeaker 21 at a timing when the calculated 
distance between the position of the bullet whose tra- 
jectory is successively calculated and the viewing point 
becomes smaller than the threshold value (Step ST22). 
Although other sound effects relating to shooting are 
outputted from the loudspeakers 12, the shooting 
sounds from the game player may be, for example, out- 
putted from the loudspeaker 21 . As described above, 
the output of the sounds is switched such that the 
sounds are outputted from the loudspeakers 12 more 
distant from the game player if the sound-making object 
is distance from the viewing point, whereas they are out- 
putted from the loudspeaker 21 if It is close to the game 
player. Thus, a game having an acoustically better pres- 
ence can be provided. 

[0032] Upon completion of the sound output process- 
ing for a certain sound, it is then discriminated whether 
the sound output processing for ail sounds has been 
completed, i.e. whether any presentation (hitting on the 
obstacle before the viewing point, hitting on the game 
player or missing the game player by passing right be- 
side him) in response to one fired bullet has occurred 
(Step ST24). Step ST21 follows if no presentation has 
occurred, whereas this subroutine returns on the as- 
sumption that the sound output processing for this bullet 
has been completed if some presentation has occupied. 
It should be noted that the number of the loudspeaker 
21 is not limited to one, and two loudspeakers 21 may 
be arranged side by side. In such a case, sounds may 
be outputted while switching the left and right loud- 
speakers according to whether the game player's head 
is located at the left or right side within the play area or 
a further better acoustic presence may be provided by, 
for example, the switching of the acoustic effect in trans- 
verse direction In addition to the switching thereof ac- 
cording to the distance by adjusting a volume ratio to 
conform to the situation. 

[0033] FIG. 11 is a perspective view showing a sec- 
ond embodiment of the 3D video game machine accord- 
ing to the present invention, and FIG. 1 2 is a block con- 
struction diagram for the detection of the game player's 
head. Although this game machine is slightly different 
from the one shown In FIG. 1 in appearance, the two 
game machines are substantially identical in function 
except the construction of the head detector 30. 
[0034] In the second embodiment, a head detector 
130 is comprised of. for example, a CCD camera 131 
as an image pickup means arranged right below the 
monitor 1 1 and in a transversely center position, a back- 
ground deleting member 132 provided at a side of the 
play area opposite from the CCD camera 1 31 , a silhou- 
ette image extracting means 133 as afunctional portion, 
a human silhouette characteristic data memory 134 for 
storing a human silhouette characteristic data and a po- 
sition determining device 135. The CCD camera 131 is 
oriented such that its side toward the play area serves 



as an image sensing area. 

[0035] The background deleting member 132 in- 
cludes a rectangular support 132a standing at the front 
side as if it would surround the play area, an upper hor- 

5 izontal coupling arm 132b to be coupled with the main 
game unit 10 to hold the support 132a upright, and a 
screen 1 32c having a stripe pattern of a specified single 
color such as blue, a two-color stripe pattern or the like 
adhered to the upper half of the support 1 32a on its outer 

10 surface. The screen 132c is of such a size and a form, 
preferably a rectangular fonn as to cover a range where 
the game player's head can be possibly displaced in a 
usual gaming posture and is provided at such a height 
position as to cover his head regardless of whether the 

15 game player is in his bending posture or in his upright 
posture. The sjreen 132c may be semitransparent, so 
that people standing behind the screen 132c can see 
the game player's movements and images displayed on 
the monitor 11. 

20 [0036] The CCD camera 131 has such an angle of 
view that the screen 1 32c becomes a visual field, so that 
background objects (e.g. various objects at an amuse- 
ment arcade (other game machines, etc.) and people) 
behind the screen 132c are not included In a picked im- 

25 age. Preferably, the CCD camera 131 is a color image 
pickup means in which filters of respective colors of red, 
green and blue are arranged on the front surfaces of 
CCDs. The CCD camera 1 31 picks up an image on the 
screen 132c in a specified cycle of, e.g. 1/60 sec. or in 

30 such a time cycle capable of following a displacement 
of the game player's head at a specified resolving pow- 
er, and stores the picked images in an image memory 
131a provided therein while being administering them 
by addresses. The silhouette image extracting devk^e 

35 133 extracts a human silhouette by executing such a 
processing to delete a blue image from an Image data 
stored in the Image memory 131a and including images 
of the game player and the screen 132c behind the 
game player. This extraction processing can be per- 

40 formed by simply handling a blue area as a data nonex- 
istent area. Further in a mode where the screen 132c 
has a stripe pattern, a processing to delete such a basic 
pattern area may be performed. 
[0037] The position detenmining device 1 35 extracts 

45 the head from the human sllhouettebased on the human 
silhouette obtained by the silhouette image extracting 
device 133 and the human silhouette characteristic data 
stored in the human silhouette characteristic data mem- 
ory 134 using a pattern recognition technique or like 

50 technique, calculates the positions of the eyes at the 
head, e.g. a center position of the head area and deter- 
mines the position assuming that the calculated position 
is the position of the game player's eyes. The obtained 
position information is sent to the game control unit 1 00 

55 and then used as a viewing point information as in the 
first embodiment. 

[0038] Besides the head detectors 30, 1 30 of the first 
and second embodiments, the head detector of the 
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present invention may be embodied as follows. 

(1) The CCD camera of the head detector 130 in 
the second embodiment may be converted into an 
infrared camera by providing an infrared filter on the ^ 
front surface of a CCD sensing surface, an infrared 
light source for irradiating infrared rays in such a 
range as to cover the screen 1 32c may be provided 

in proximity to the infrared camera, and a material 
for absorbing the infrared rays may be applied, for io 
example, to the front surface of the screen 132c. 
Wilh this construction, an image pickup area of the 
screen 1 32c has a low luminance since no reflected 
light IS relumed from the screen 132c and, accord- 
ingly the infrared camera can emphasize a differ- t5 
cncc ir bnghtncss between the image pickup area 
and a reflecting area of the game player. Thus, the 
human silnouene can be easily extracted. On the 
ether hand, a material for reflecting the Infrared rays 
may be applied, for example, to the front surface of 
the screen 132c. With this construction, the image 
pickup area of the screen 132c has a high lumi- 
nance since the infrared rays are strongly reflected 
by the screen 132c and accordingly the infrared 
camera can emphasize a difference in brightness 
between the image pickup area and a reflecting ar- 
ea of the game player Thus, the human silhouette 
can be easily extracted. 

Further a screen on which areas made by the 
infrared ray reflecting material and those made by 30 
the infrared ray absorbing material may be alter- 
nately arranged as in a stripe pattern may be used. 
With such a screen as well, the human silhouette 
can be easily extracted as in the case of the strip 
pattem of the second embodiment. 

(2) FIG. 1 3 is a block diagram showing another em- 
bodiment of the head detector. A head detector230 
has an infrared camera 231 as described in (1) and 
a structural element mountable on the game play- 
er's face or head. A goggle or a head fitting element 
236 having a specified number of. e.g. three spot 
infrared ray emitting elements 236a for emitting an 
infrared ray is provided on the front side of the struc- 
tural element. An image memory 231a, an image 
analyzer 237, a unique pattern characteristic data 
memory 238 and a position determining device 239 
are provided in a processing unit of the head detec- 
tor 230. When an image of the game player Is 
picked up by the infrared camera 231 , Image data 

of three luminous points are stored in the image so 
memory 231a, and an image pattern made up of 
these three points is compared with a data in the 
unique pattern characteristic data memory 238 by 
the image analyzer 238 to specify storage positions 
In the image memory 231 a, i.e. addresses. The po- 55 
sition determining device 239 calculates the posi- 
tion of the game player's eyes based on three piec- 
es of address infonnation in accordance with a pre- 



set equation and sends the caksulated position to 
the game control unit 100. Although the number of 
the infrared ray emitting members 236a is set at 3, 
the position of the game player's eyes is substan- 
tially detectable if at least one infrared ray emitting 
member 236a is provided. Particularly, if two or 
more infrared ray emitting members 236a are pro- 
vided, there is an advantage of more precisely de- 
temriining the position of the game player's eyes 
since the Inclination of the head or face can be si- 
multaneously detected. 

A specified number of reflectors for reflecting 
the infrared rays may be provided on the head fitting 
element 236 instead of the infrared ray emitting 
members 236a, and an infrared ray emitting means 
having a wide irradiation range at a side of the main 
game unit 10 may be provided, so that the infrared 
camera 231 can sense the rays reflected by the re- 
flectors. This arrangement brings about the same 
effects as above and has an additional effect of 
making the head fitting element 236 lighter since it 
needs not be provided with a power source, a driv- 
ing means, etc. for emitting the infrared rays. 
(3) FIGS. 14A and 14B show still another embodi- 
ment of the head detector, wherein FIG. 14A is a 
block diagram and FIG. 14B is a diagram for the 
explanation of the position determination. 

A head detector 330 Is provided with a distance 
measuring sensor 331 Including a plurality of ultra- 
sonte transmitting and receiving devices 331a 
transversely arranged at specified Intervals above 
the play area, and a position detector 332, a peak 
point detector 333 and a position detemiinlng de- 
vice 334 are provided in a processing unit thereof. 
Each ultrasonic transmitting and receiving device 
331 Includes at least a piezoelectric device, an ex- 
citing device for exciting the piezoelectric device by 
a pulse signal to cause It to send an ultrasonic 
pulse, a receiving devk^e for receiving a reflected 
wave, and a circuit for switching signal input/output 
directions. The distance measuring sensor331 may 
be a reflection type optical sensor (preferably infra- 
red sensor) provided with a light emitting element 
and a light detecting element. The respective ultra- 
sonic transmitting and receiving devices 331 a of the 
distance measuring sensor 331 are so constructed 
as to have a width of directivity toward right below, 
so that the head of the game player In the play area 
can be detected by any (preferably two or more) of 
the ultrasonic transmitting and receiving device(s) 
331a. Alternatively, the ultrasonic transmitting and 
receiving devices 331a are mounted at intervals 
narrowerthan the width of a head having a standard 
size. 

Although the ultrasonic transmitting and receiv- 
ing devices 331 a may simultaneously transmit ul- 
trasonic waves, they may successively do so at a 
high speed or at least every other ultrasonic trans- 
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mitting and receiving device 331a may alternately 
do so for detection in order to prevent nnutual inter- 
ference of neighboring ultrasonic transmitting and 
receiving devices 331a. Since an ultrasonic beam 
having a narrow directivity provides a shortest dis- 5 
tance data when It Is received by the ultrasonic 
transmitting and receiving device 331a which sent 
it, there Is no particular problem in specifying the 
ultrasonic transmitting and receiving device 331a 
having the shortest distance data even if the waves io 
are interfered upon being received by the neighbor- 
ing ultrasonic transmitting and receiving devices 
331a. 

As shown in FIGS. 14A and 14B, the return 
waves reflected by the game player's head are re- ^5 
ceived by the same ultrasonic transmitting and re- 
ceiving devices 331 a, and the position detector 332 
calculates distances based on periods which 
elapse from points of time of transmission to points 
of time of reception using a sound velocity infomna- so 
tion. In this way, a relationship (as shown in a graph 
332a) in data between the interval of the ultrasonic 
transmitting and receiving devices 331a and the 
distance can be obtained. The peak point detector 
333 detects a height position Pe and a transverse 25 
position Xp of a peak point as shown In FIG. 14B 
from the data on the interval and the distance. Since 
a graph is convex in height direction as shown in 
FIG 14B, the peak point detector 333 can detect 
the peak point even if the peak point is located be- so 
tween the two ultrasonic transmitting and receiving 
devices 331 a by providing the position detector 332 
with a function of generating a continuous data us- 
ing a model function prepared in advance. The po- 
sition determining device 334 can detemnine the 35 
height position of the game player's eyes by sub- 
tracting a specified value from the detected height 
position Pe of the top of the game player's head and 
the transverse direction based on the arrangement 
inten/al of the ultrasonic transmitting and receiving 
devices 331 a. An information on the height position 
and the transverse position of the game player's 
eyes thus obtained is sent to the game control unit 
100. 

(4) FIG. 15 is a diagram showing further another 
embodiment of the head detector. A head detector 
430 is provided with a pressure-sensitive sheet 
member 431 laid on the play area and Is adapted 
to detect the positions of both feet of the game play- 
er and determine the position of the head using this so 
information and other pieces of infomnation to be 
described later. 

The pressure-sensitive sheet member 431 is 
constructed such that sensors elongated in forward 
and backward directions are transversely arranged ss 
side by side at intervals at least narrower, preferably 
sufficiently narrower than the width of the game 
player's feet (in FIG. 15, large intervals are drawn 



in an exaggerated manner in order to facilitate de- 
scription and drawing). A known sheet member can 
be adopted as the pressure-sensitive sheet mem- 
ber 431 . For instance, the sheet member 431 is fab- 
ricated by printing elongated pressure-sensitive 
conductive ink portions 431b formed of, for exam- 
ple, a thermoplastic resin in which a pressure-sen- 
sitive conductive Ink obtained by diffusely mixing 
conductive particles and nonconductive particles at 
corresponding positions of facing surfaces of two 
flexible film bases 431 a and then adhering the two 
film bases 431 a together. Lead wires (thermoplastic 
resin in which conductive particles such as silver 
particles are diffusely mixed) provided with insula- 
tion coatings are drawn from the respective pres- 
sure-sensitive ink portions 431b to the outside the 
film. A specified voltage is applied to the lead wires 
of one film base 431 a, and a circuit for detecting the 
voltage is so connected with the lead wires of the 
other film base 431 that it can recognize the respec- 
tive lead wires. Fine irregularities (resulting from the 
presence of fine particles during printing) are 
formed on contact surfaces of the pressure-sensi- 
tive ink portions 431b of the both film bases 431a 
put together. The voltage appearing in the lead 
wires of the other film 431 a can be detected in an 
analog manner by a substantial change in the con- 
tact areas of the ink surfaces by application of a 
pressure on the film bases 431a, i.e. a change in 
resistance on the contact surfaces. 

In a pressure data memory 432, voltage values 
detected by the voltage detecting circuits for the in- 
dividual pressure-sensitive ink portions 431b, i.e. 
pressure data are stored in correspondence. In FIG. 
15, stored contents are represented as a distribu- 
tion curve. A left/right foot position detector 433a 
calculates an information on the positions of the re- 
spective feet of the game player in transverse direc- 
tion on the pressure-sensitive sheet member 431 
by obtaining a center of an area where loads from 
the left and right feet can be judged based on the 
stored contents of the pressure data memory 432. 
The calculated position Information is stored in a 
foot position information memory 433b. The left/ 
right foot position detector 433a also adds the pres- 
sure data within the foot area for each foot and 
stores added values In a weight leaning Information 
memory as a weight leaning Information. 

A center of gravity catoulator 433d calculates a 
center of gravity position of the loads on the pres- 
sure-sensitive sheet member 431 with respect to 
transverse direction, i.e. a waist position of the 
game player based on the contents stored in the 
pressure data memory 432, and a calculation result 
Is stored in a center of gravity position Information 
memory 433e. In a statistical learning pattern mem- 
ory 433f are stored pattem data used to assume the 
position of the game player's head based on the po- 
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sitions of both feet, exertion of the weight, the posi- 
tion of the waist, etc. from a human-factors engi- 
neering or empirical standpoint. A position deter- 
mining device 433g determines the position of the 
game player's head based on the contents stored 5 
in the toot position information memory 433b, the 
weight leaning information memory 433c, the cent- 
er of gravity position Information memory 433e and 
the statistical learning pattern memory 433f. The 
determined head position information is sent to the io 
game control unit 100. 

By laying the pressure-sensitive sheet member 
431 on the play area in this way. the transverse po- 
sition of the head above the pressure-sensitive 
sheet member 431 can bedetenmlnedbasedonthe is 
position infonmation on the game player's feet. 
Therefore, It Is not necessary to specially prepare 
an arrangement space and a construction for the 
head detector. 

(5) FIG. 1 6 is a diagram showing another embodi- 
ment of the pressure-sensitive sheet member of the 
head detector. A head detector 530 is provided with 
a pressure-sensitive sheet member 531 laid on the 
play area and is adapted to detect the positions of 
both feet of the game player and determine the po- 
sition of his head using this infomiation and other 
pieces of information to be described later. 

A sheet member basically fabricated by the 
principle of (4) using the material of (4) is adopted 
as the pressure-sensitive sheet member 531 . Spe- 30 
cifically, elongated pressure-sensitive conductive 
ink portions 5312 are arrayed at specified intervals 
in longitudinal direction on the rear surface of one 
film base 531 1 as shown In FIG. 1 6A, whereas elon- 
gated pressure-sensitive conductive ink portions 3s 
5314 are arrayed at specified intervals in lateral di- 
rection on the rear surface of the other film base 
531 3 as shown in FIG. 1 6B. A film member 531 hav- 
ing pressure-sensitive portions in a matrix arrange- 
ment as shown in FIG. 16C can be fabricated as 40 
shown by adhering the rear surfaces of the both film 
bases 5311, 5313 together. For example, a speci- 
fied voltage is successively applied at a high speed 
to lead wires of the respective pressure-sensitive 
conductive Ink portions 5312 of the one film base 
5311 and a voltage detectiiig circuit is connected 
with lead wires of the respective pressure-sensitive 
conductive ink portions 5314 of the other film base 
531 3. The positions of the feet on the pressure-sen- 
sitive sheet member 531 can be specified based on 50 
an application timing of the voltage to the pressure- 
sensitive conductive ink portions 531 2 and the pres- 
sure-sensitive conductive ink portions 531 4 detect- 
ed to have been pressed by the voltage detecting 
circuit and their level can be detected. If such a ss 
pressure-sensitive sheet member 531 is used, the 
positions of both feet of the game player can be de- 
tected in a two-dimensional manner In transverse 



direction and forward and backward directions. In 
this embodiment, the three-dimensional position of 
the head of the game player standing on the pres- 
sure-sensitive sheet member 531 if the position de- 
tector 433 shown In FIG. 15 is adopted and the po- 
sition detemnining device 433g is provided with a 
function of determining a position in the two-dimen- 
sional space. 

Since the three-dimensional position of the 
game player's head can be detennined in this way, 
the viewing point in the game space can also be 
moved in depth direction on the screen of the mon- 
itor 11. 

(6) If the pressure-sensitive sheet member of (4) 
shown in FIG. 15 In which the pressure-sensitive 
conductive ink portions are arranged side by side in 
fonvard and backward directions is provided in ad- 
dition to the head detector 130 of the second em- 
bodiment or the head detector of (1) to (3), the 
three-dimensional position of the game player's 
head can be specified as a whole since the position 
of the game player's head in depth direction can be 
specified by this pressure-sensitive sheet member 

(7) In the first embodiment, the ultrasonic receivers 
32, 33 are arranged In positions located on a 
straight line at the left and right sides of the ultra- 
sonic transmitter 31 to detect the height position 
and the transverse position of the game player's 
head. Instead, three ultrasonic receivers may be ar- 
ranged in three positions on a horizontal plane 
where an ultrasonic transmitter is located, three el- 
lipses may be determined based on periods meas- 
ured by the respective ultrasonic receivers, i.e. dis- 
tance information, and an intersection of these 
three ellipses nnay be detected as the position of the 
game player's head. This arrangement has an ad- 
vantage of detecting the position of the head in the 
3D space. It is sufficient to provide at least three 
uttrasonk: receivers. 

(8) Although the present invention is applied to the 
shooting game in the foregoing embodiment, it may 
be applied to a boxing game or other types of fight- 
ing games in which a game player fights with other 
character(s). The present invention is also applica- 
ble to, for example, a guessing game in which hid- 
den objects are guessed by being viewed In various 
directions or like games in which an operation unit 
such as a gun unit is not particularly used. 

[0039] As described above, according to the present 
invention, the image from the viewing point intended by 
the game player can be actively displayed by moving 
the viewing point of the simulated camera to follow free 
movements of the game player, thereby widening the 
width of a gaming character and making the game more 
interesting. 

[0040] Further, since the operation unit can be oper- 
ated in connection with the movement of the viewing 
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point, the progress of the game becomes more interest- 
ing. 

[0041] Furthennore, the position of the head in at least 
one direction on the horizontal plane can be detemnined 
based on the output of the sheet-shaped pressure sen- 
sor for detecting the position of both feet of the game 
player 

[0042] Further, the position of the head on the hori- 
zontal plane and its height position can be detected. 
[0043] Furthermore, the center of gravity position of 
both feet can be detected and the position of the game 
player's head can be determined using at least this cent- 
er of gravity position information. 
[0044] Further, the position of the head can be detect- 
ed without interfering the game player's movements. 
[0045] Furthennore, the position of the game player's 
head can be detected using one propagation medium 
transmitter and two propagation medium receivers. 
[0046] Further, the position of the game player's head 
in the 3D space can be detected using one propagation 
medium transmitter and three or more propagation me- 
dium receivers. 

[0047] Furthennore, the position of the game player's 
head in one linear direction and its height, i.e. the posi- 
tion of his head on a vertical plane can be detemnined. 
[0048] Further, the position of the game player's head 
can be detemiined based on the picked image of the 
game player. 

[0049] Furthennore, the silhouette can be easily ex- 
tracted from the picked image of the game player. 
[0050] Further, the position of the game player's head 
can be determined based on the Image obtained by re- 
ceiving the infrared rays emitted from the infrared emit- 
ting member put on the game player. 
[0051] Furthermore, the position of the head can be 
easily detected since a difference in brightness between 
the area of the game player's silhouette and the other 
area can be emphasized. 

[0052] As this invention may be embodied in several 
forms without departing from the spirit of essential char- 
acteristics thereof, the present embodiment is therefore 
illustrative and not restrictive, since the scope of the in- 
vention is defined by the appended claims rather than 
by the description preceding them, and all changes that 
fall within metes and bounds of the claims, or equiva- 
lence of such metes and bounds are therefore intended 
to be embraced by the claims. 



Claims 

1 . A 3D video game machine, comprising: 

a monitor provided at a specified height position 
of a casing of the game machine for displaying 
images, 

a game control unit for controlling the progress 
of a game, 



a display control, unit for generating a 3D image 
viewed from a viewing point of a simulated cam- 
era and displaying it on a screen of the monitor, 
head detecting means for detecting at least a 
5 position of the head of a game player located 

in a play area before the screen of the monitor 
in at least one linear direction in a 3D space, 
and 

viewing point changing means for moving the 
10 viewing point of the simulated camera to follow 

a displacing direction and a displacing amount 
of the detected position of the head. 

2. A 3D video game machine according to claim 1 , f ur- 
15 ther comprising an extemally operable operation 
unit, wherein the game control unit causes opera- 
tion contents from the operation unit to be reflected 
on the progress of the game. 

20 3. A 3D video game machine according to claim 1 or 
2, wherein the head detecting means includes a 
sheet-shaped pressure sensor for detecting posi- 
tions of both feet of the game player in at least one 
direction on a horizontal plane, and a head position 

25 determining means for determining a position of the 
head in at least one direction on the horizontal plane 
based on the detected position information of the 
feet. 

30 4. A 3D video game machine according to claim 3, 
wherein the head detecting means further includes 
a distance measuring sensor for remotely detecting 
a height position of the head. 

35 5. A 3D video game machine according to claim 3 or 
4, wherein the pressure sensor is an analog sensor, 
and the head position detemnining means calcu- 
lates a center of gravity position of the detected feet 
based on their detection levels and determining the 

40 position of the head in at least one direction on the 
horizontal plane using the obtained center of gravity 
position information and feet position information. 

6. A 3D video game machine according to one of the 
45 preceding claims, wherein the head detecting 
means further includes a distance measuring sen- 
sor for remotely detecting at least one of a height 
position and a transverse position of the head. 

so 7. A 3D video game machine according to claim 6, 
wherein the distance measuring sensor includes 
one propagation medium transmitter, a first and a 
second propagation medium receivers arranged in 
two positions along the transverse direction of the 

55 screen of the monitor at the opposite sides of the 
propagation medium transmitter and adapted to re- 
ceive propagation mediums transmitted from the 
propagation medium transmitter and reflected by 
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the game player's head, and the head detecting 
means includes a head position detemiining means 
for detemiining the position of the head of the game 
player based on lapses of time from a point of time 
of transmission to reception by the first and second 5 
propagation medium receivers. 

8. A 3D video game machine according to one of the 
preceding claims, wherein the head detecting 
means includes a position detecting sensor for de- *o 
tecting a three-dimensional position of the head and 

the position detecting sensor includes one propa- 
gation medium transmitter, at least three propaga- 
tion medium receivers located around the propaga- 
tion medium transmitter and In different positions on ^5 
a horizontal plane and adapted to receive propaga- 
tion mediums transmitted from the propagation me- 
dium transmitter and reflected by the game player's 
head and a head position detennining means for 
determining a position of the game player's head in 20 
the 3D space based on lapses of time from a point 
of time of transmission to reception by the first and 
second propagation medium receivers. 

9, A 3D video game machine according to claim 8, 25 
wherein the distance measuring means includes a 
plurality of propagation medium transmitting and re- 
ceiving devices arranged In a linear direction on a 
horizontal plane located above the play area and 
faced downward, and the head detecting means in- 30 
eludes a head position determining means for de- 
termining a position and a height of the game play- 
er's head in the linear direction based on elapses of 
time from transmission to reception of propagation 
mediums by the respective propagation medium 35 
transmitting and receiving devices. 



wherein a member having an Infrared ray absorbing 
surface is provided at a side of the play area oppo- 
site from the infrared camera. 

14- A 3D video game machine according to claim 12, 
wherein a member having an infrared ray reflecting 
surface Is provided at a side of the play area oppo- 
site from the infrared camera. 

15. A method for controlling a movement of a viewing 
point of a simulated camera in a 3D video game ex- 
ecuted in a 3D video game machine comprising a 
monitor provided at a specified height position of a 
casing of the game machine for displaying Images 
and a game control unit for controlling the progress 
of a game, the method comprising the steps of: 

generating a 3D Image viewed from a viewing 
point of a simulated camera and displaying It 
on a screen of the monitor; 
obtaining a position information of a game play- 
er's head by causing head detecting means to 
repeatedly detect a position of the head of the 
game player standing In a play area before the 
screen of the monitor In at least one linear di- 
rection in a 3D space, and 
moving the viewing point of the simulated cam- 
era to follow a displacing direction and a dis- 
placing amount of the detected position of the 
head. 



10. A 3D video game machine according to one of the 
preceding claims, wherein the head detecting 
means includes an optical image pickup means and 
a head image extracting means for extracting an im- 
age of the game player's head from a picked image. 

11. A 3D video game machine according to claim 10, 
wherein a member having a background deleting 
surface Is provided at a side of the play area oppo- 
site from the image pickup means. 

12. A 3D video game machine according to one of the 
preceding claims, wherein the head detecting 50 
means includes an infrared camera, an Infrared 
emitting member fittable on the game player's head, 
and a head Image extracting means for extracting 

an image of the game player's head from an Image 
obtained by receiving Infrared rays from the infrared 55 
emitting member. 

13. A 3D video game machine according to claim 12, 
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(54) Method for controlling movement of viewing point o1 simulated camera in 3D video game, 
and 3D video game machine 



(57) A 3D game machine Is provided with a monitor 
(11) provided at a specified height position of a casing 
(1 0) for displaying images, a game control unit (100) for 
controlling the progress of a game, and an image control 
unit ( 1 1 0) for generating a 3D image viewed from a view- 
ing point of a simulated camera and displacing it as a 
game image on a screen of the monitor (11). A trans- 



verse position and a height position of the head of a 
game player located in a play area before the screen of 
the monitor (1 1 ) are detected using one ultrasonic trans- 
mitter (31 ) and two ultrasonic receivers (32,33). and the 
viewing point of the simulated camera is so moved as 
to follow a displacing direction and a displacing amount 
of the detected position of the game player's head. 
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